
1  SPECIFICATION METHOD OF MANUFACTURING MAGNETIC
RECORDING MEDIUM SUBSTRATE  AND MAGNETIC RECORDING
MEDIUM TECHNICAL FIELD [0001] The present invention
relates to a method of manufacturing a magnetic
recording medium  substrate used in a magnetic dish
recording apparatus, and a magnetic recording medium
in which the  magnetic recording medium substrate
prepared. by the method is used. BACKGROUND  [0002] A
glass substrate or an aluminum substrate is used in a
magnetic disk recording apparatus  installed in a.
computer such as a hard disk dove or the like. A
magnetic recording medium is pr pared  by forming a
magnetic film on a glass substrate or an aluminum
substrate, and the magnetic fiber is  magnetized with
a magnetic heard to record information in the magnetic
recording medium. [0003] A magnetic head to record
information in a magnetic recording medium or to read
recorded  information is designed to move while it is
floating above the substrate of the magnetic recording
medium. When the magnetic recording medium has a
concave-convex surface, the magnetic head  collides
'with the concave, convex during moving of the
magnetic head, resulting in damages of the  magnetic
head and the magnetic recording medium. In order to
avoid occurrence of such tic problem,  the surface of
the substrate used for the magnetic recording medium
is subjected to a high-accuracy  polishing treatment
se as to make the s reface to he smooth, whereby
generation of the concave-convex  of the surface is
suppressed. [0004] Herein, a conventional method of
manufacturing, a glass substrate used fora magnetic
recording medium by polishing the glass substrate will
be described (Patent Document 1, for example).  First,
a glass material is melted (glass-melting step), and
the molten glass is sandwiched with dies after
casting the molten glass in the die in the form of a
planar surface to prepare a disc-shaped glass
substrate  (pre; ,-molding step). A circlar
through-hole is formed in a central portion of the
glass substrate  surface employing a diamond-core
drill to prepare a torus-shaped glass sub Irate
(coring step). [0005] T Thereafter, the tones-shaped
glass substrate is subjected. to a grinding processing
with a double  face polishing machine holding a plate
onto which diamond pellets are attached(first lapping
step). In 2  the first lapping step, both surfaces of
the glass substrate are subjected to a grinding
processing to  



preliminarily adjust parallelism, flatness and
thickness of the glass substrate, 100061 The glass
substrate to whose paralleisem is prelinxirily
adjusted is subjected to grinding and  chamfering the
outer Circumferential edge face of the glass substrate
and the inner circumferential edge  face of the
through-hole to finely adjust the outer diameter
dimension and circularity of the glass  substrate; and
the inner diameter of the through-hole. (edge face
grinding step). The glass substrate for  which. the
outer diameter dimension and so forth are finely
adjusted is subjected to polishing the outer
circumferential edge face and the inner
circumferential edge thee to mirror-finish the edge
faces (edge  face-polishing step). 100071 The g ass
substrate whose edge face is subjected to grinding
both surfaces again to finely  adjust parallelism,
flatness and thickness of the glass substrate(second
lapping step). The glass  substrate whose parallelism
and so forth are finely- adjusted is subjected to
polishing both surfaces  thereof to uniform the
concave convex surface (polishing step). In the pot
skiing step; damage of the.  glass substrate caused by
grinding in the lapping steps is removed (first
polishing stela), and damage  remaining in the first
polishing step is removed (second polishing step).
Then, the glass substrate  having been subjected to
polishing is use d as a magnetic recording medium
substrate. [00021] On the other hand, as to an
aluminum substrate, after winding the substrate
surface, avNiP  laver is formed on the substrate
surface via nonelectrolytic plating. Similarly to a
glass substrate. the  Ni? layer is subjected to
polishing via a plurality of polishing steps to smooth
the resulting surface  (Patent Document 2, for
example). [0009] Then, A magnetic mater al is formed
on a glass substrate or an aluminum substrate whose
surface has been polished, via sputtering or the like
to prepare a magnetic recording medium.  Patent
Document 1: Japanese Patent O.P.T. Publication No.
2003-36522 Patent Document 2: Japanese Patent Examined
Publication No. 2001-20716 :  DISCLOSURE OF THE
INVENTION PROBLEMS TO BE SOLVED BY THE INVENTION
[0010] However, in order to prepare a glass substrate
or an aluminum substrate having the smooth  surface, a
plurality of polishing steps s des r bed above had to
be conducted. As a result, there  appeared time and
cost required for polishing. Further, a substrate
having a surface smoother than  before is demanded.
for a high. density- trend to increase recording
density of a magnetic recording  medium thereof [0011]
The present invention solves the above-described
problem. It is an object of the present  



invention to provide a method of manufacturing a
magnetic. recording medium substrate capable of
improving smoothness of the magnetic recording medium
substrate even though a part of polishing  steps is
skipped. MEANS TO SOLVE THE PRORLENTAS [0012]
Structure l of the present invention: :A method of
manufacturing a magnetic, recording  medium subst ate,
comprising the steps of pxoli hing a surface of a
disk-shaped substrate, and. fcsmung a  metal oxide
film on the substraate su:faee having been subjected
to the polishing; step via a liquid phase  deposition
process to prepare the magi etic recording medium
substrate. [00131 Structure 2 of the present
invention: he method of Structure 1, comprising the
step of ; olishing the substrate suface in the
polishing step until surface r, ughness Ra reaches
,1.3 -5 mm.  [0014] Structure 3 of the pre nt
nvention: The method of Structure. I ar 2, wherein
tine motif oxide  film is a silicon dioxide film.
[0015] Structure 4 of the present invention: The
method of Structure 1 or 2, ev uerein tae metal oxide
film is an oxide film comprising at least one selected
from the nup consisting of Si. Ti, V. Mn, Ni, n,  G e,
Y, Zr. Nb, Sn, Sb, Ba, 1 a and W. 100161 Structure 5
of the present invention: The method of any one of
Structures 1- 4, wherein the  substrate is a glass
substrate or an alun:in.um substrate. 100171 St uctu:e
6 of the presem invention: ' (lie method of any one of
Struetu cs 1- 5, wherein the  step of forming the
metal oxide iil-m comprises the processes of immersing
the substrate having been  sub ected to the polishing
step in an aqueous solution; and hydrol ~ing a
metal-[loom complex in the  aqueous solution to forth
the metal oxide film on the surface of the substrate
having been subjected to  the polishing step. 100181
Structure 7 of the present invention: A magnetic
recording medi_urn_ comp rising a disk-shaped
substrate having a surface roughness R d% of 0.3 -- 5
mu, a metal oxide film formed on a surface of the
substrate, and a matnaetic film farther formed on the
metal oxide film. EFFECT OF TlE M` PION 100191 In the
present invention, smoothness oftlic surface of a mad
roue record r.g are tiutn substrate  becomes possible
to be improved by forming a metal oxide film on the
substrate suuface via a liquid 4  phase deposition
process. By doing this, the smoothness required for a
substrate utilized for a  magnetic meording medium can
be acquired even though a part of polishing steps is
skipped.  



BRIEF DESCRIPTION OF THE DRAWINGS [0020] Fig. 1 is a
perspective illustration of a mag netic recording
medium substrate relating to an  embodiment of the
present invention. Fig. 2 is a cross-sectional view of
a magnetic recording medium substrate relating to an
embodiment of the present invention, and shows a 11-11
cross-sectional view in Fig. 1. Figs. 3a and 3b each
area cross-sectional view showing a partial cross
section of a magnetic  recording medium substrate
relating to an embodiment of the present invention.
Figs. 4a, 4b and 4c each are a cross-sectional view in
which a partial cross section of a  magnetic recording
medium substrate relating to an embodiment of the
present invention is enlarged.  FXPF A ION OF N
UNURALS 100211 1 Magnetic recording medium substrate
2 Substrate 3 Metal oxide film  4 Polishing trace  21
Through-hole  22,23 Surface  41, 42 Groove DESCRIPTION
OF TIlE PREFERRED [0022) "size: iziagnetic xe ord ng
medium substrate relati g to an embodimment of the
present xlvern morn  will be described referring to
Fig. 1 and F'ig. 2. Fig. 1 i s a peaspective ill sta
olio a of a s za zietic  recording medium substrate
relating o an embodiment of the present invention, and
Fig. 2 is a cross- sectional view of a magnetic
recording mediuman substrate relating to an embodiment
of the present  invention, showing a 11-11
cross-sectional view in Fig. 1. [00231 As shovvu in
Fig. 1 and Fig. 2, the magnetic recording medium
substrate in the present  embodiment possesses
circular disk-shalzed sulz`strate 2. "through-hole 21
passing through in the  thickness direction of
substrate 2 is formed. in a central lx?itioil ofthe
substrate. Further, Metal oxide  filrrr 3 is formed on
the surface of substrate 2. [00241 ;L glass sub tE ate
or an alnatainum saabsta a':e is used as substrate 2.
Size of substrate: 2 is  specifically limited, and a
0.85 inch size substrate, a 1 inch size substrate, a
2.5 inch size substrate or a  3.5 inch size substrate
is utili ced. Fur her, soda-lure glass,
altuninosilicate glass, l thin m silicate glass  and
boron silicate glass having been prepared via a method
such as afloat method, a press method or  



the like are employed for a glass substrate. [0025] An
oxide film containing at least one selected from the
group consisting of Si, 11, V. N b, Ni,  Zri, Cle, Y,
Zr, Nb, Sn, Sb, fia, Ta and W is used for metal oxide
film 3. [00201 A magnetic film is formed on the
surface of magnetic recr rdiatg medium substrate I via
sputtering to prepare a magnetic recording medium.
[00271 Next, a inethcad. of manufact ring magnetic
recording medium substrate I will be described,  In
the present embodiments, the case of manufacturing
magnetic recording medium substrFate I  employing a
glass substrate as substrate 2 will be described.
(0028] First, similarly to a conventional technique:,
a glass tnateiia-d is melted (glass-melting step), and
the molten glass is sandwiched with dies after casting
the molten glass in the die in the. form of a planar
surface to prepare a disk-shaped glass substrate
(press-molding rep i. When t ac surface of'this glass
substrate was vzl titled alter conducting this
press-molding step, a surface roughness Na of the
glass  substrate of 0.1 2.0 tn and a max s:tuna height
Rmr u. o 0.5 10.3 tun wets obtain led. . circular
through-hole.'is formed in a central portion ofthe
glass substrate suface employing a cliarnond-cone
drill  to prepare a tongs-shaped glass substrate
(coring step). [0029] T hereafter, the tctmus-shaper)
glass substrate is sill jectcch to a grinding process
n i itb a double  face polishing machine holding a
plate onto which diamond pellets are attached (first
lapping step). In  the. fast lapping step, b o ft
surfaces of the glass substage. are suh~jeaseto a
grinding processing tip  preliminarily adjust
parallelism, flatness and thickness of the glass
substrate, When the stirrface of the  glass substrate
is evaluated after conducting the first lapping step,
a surface roughness Na ofthe glass  substrate of 0.1-
0.5 } m is obtained, and a maximum heig ht Ftmax ofthe
glass sulxsfrate of 0.5 - 5.0  l.im is also obtained,
In other words, the surface of the glass substrate is
- oound until surface roughness  N anti maxi~nuum
height Rmax reach 0.1- 0.5 pun ant-10.5 - 5.0 pain,
respectively. [00,101 The glass sri strafe whose
parillelism is ~a eliminar ly justed is subjected to
grinding the  outer circumferential edge face of the
glass substrate and the. inner circumferential edge
face of the  through-hole (edge face-grinding step),
and further subjected to polishing the outer
circumferential edge  face and the inner
circumferential edge face to mirror-finish the edge
faces (edge face.-polishing; step ). 6  [0031] The
glass substrate whose edge thee is subjected to
grinding b Ftl7 surfaces again to fnety  adjust p
raileli.sm. flatness and thickness of the glass
substrate (second Lapping step). When the  surface of
the glass substrate is evaluated after conducting the
second lapping step, a surface roughness  



Ra of the glass substrate of O.i15 - 0.2 am is
obtained, and a maximum height Ftavm of the glass
substrate of 0.3 --- 2.0 pun is also obtained. Ina
other words, tae surd co f tl ie glass s bsttate, is
groan i  until surface roughness Ida and maxima m
height Rmax -each 0.1- 0.5 firma and 0.5 - 5.0 }am,
respectively. [00321 The glass substrate whose par
allelisna and so font are finely adjusted is subjected
to polishing  both surfaces thereof (polishing step).
When the surfu.e ofttac glass substrate is ev lag at
later  conducting the polishing step, a surface
roughness In of the glass substrate of 0.3 - 5 pm is
obtained,  and a nmaxi3mumm height Rmax of the glass
substrate of 2.t? -200 un is also obta ned. In other
wo}rds,  the surface of the glass substrate is ground
.antil surface roughness Ra and maximum height Rea ax
rcxxh  0.3 - 5 urn and 2.0 - 200 lane, respectively.
The s bstrate after conducting this polishing step
corresponds to substrate 2. [0033] In the polishing
step, a commonly knounpolishing machine is employed,
and both surfaces  of the glass substrate aare
polished employing formed urethane or a suede abrasive
cloth. A polishing  material employed in the polishing
step is to be used so as to slurry cerium oxide
particles. For  example, polishing is carried out
employing ru m oxide pa 1iclc s 3 avitrg arc a erage
p,aaticle siz of  roughly 0.5 L LM. [00341 In the
preset invention, a metal exid . film is formed on the
surface of the glass substrate  (substrate "2:) after
conduct tine he polishing step. This filch-ffi
~rnainag step ll he described referring to  Fig. 3.
Pig. 3 is across-sectional view showing a partial
cross section o Y 'a magnetic recording medium
substrate relating to an embodiment of the present
invention. 100-351 f ubstrat 2 afte conducting tlne
polia hing step is show n in Fig. 3a move- haped 1
olismng  trace 4 which has not been removed in the
lapping steps and the polishing step remains on
surface 22  and su face 23 of substrate 2. As
described above, substrate 2 after conducting the
polishing step has a.  surface roughness Ra c-4,03 ---
5 rim and a maxim-um height Rnrax of 2.0 - 200 nm.
109361 And as shoe m i n Pig. '.,b, rectal canoe fiiru
3 is formed on su3-fsce 22 and surface>3 of
substrate}. In the present embodiment, metal oxide
film 3 is formed. on surface. 22 and surface 23 of
substrate 2 -,~ a a liquid phase deposition process,
by w rich a neet al oxide film is deposited fremm a
liquid  phase to prepare magnetic recording medium
substrate 1. ti ecifica fly, substrate 2 is m m erred
nags a m  aqueous s elution to fbnn metal oxide film 3
on surface 22 and surface 23. of ssubstaate 2. 7
[0037] The liquid phased xsition process is a process
by which metal oxide an 3 is directly  



formed on ss bs raie. 2 by utilizing equilibrium
reaction of a metal4 Iuoro complex in au aqueous
solution. '1 ]zis reaction caiz be cep t entai by ti e
t; lowing ehemic zl fog n1?rlae. Chemical reaction
formula (1) 141F,tx-2;,1- rrl3LO - MO" 10- -I- 2nlf'
Chemical reaction formula (2) H,130r,+4H`+4F -
HBF4+3H2O Chemical: reaction formula (1) exhibits the
main reaction, and symbol M re-ore represents a metal.
[0038] "lhe mt tal-iluoro u niplex is byd olyze i to
ptt?duce a metal o ide. lm d s e use, ~s shown ha
chemical. reaction formula (2), fluoride ions are
consumed by adding a boric acid into the system.  When
the fluoride ions are consumed, the equilibrium
reaction in chemical reaction formula (1) is  shitted.
to the right side, whereby deposition reaction of the
metal oxide is accelerated, As shown in  Fig. 3b,
uniform metal oxide tilin 3 is formed on surface 22
and surface 23 of substrate 2. [00:31 In this way,
smoothness oft e. surface ofmagnetic recording;
niedirtm substrate I can be  improved by forming metal
oxide film 3 on surface 22 and surface 23 of substrate
2 via a liquid phase  deposition process. That is, the
suiliic ofmagr et c recording medium sibs rata: 1 can
be smoothed by  filling the metal oxide filar
deposited by a liquid phase deposition process in
polishing trace 4 remaining  on surface 22 and surface
23 of substrate 2. magnetic recording r:rediurn
subst:ate I obtained by  fanning metal oxide film 3 on
the su-lice of r_ragnetic recording medium substrate 1
can be anw-tged to  t ave a surf ace rr ughc ess f of
0.1 i:t.3 urn and a nzax r rr fizz hei rt 1Tr z u vi
1.0 --- MO nix:. [0040] As described above, in the
present embodinient, the smoothness can be obtained by
forming  metal oxide fhn 3 on the surface of substrate
2 to such an extent that surftice roughness %a . of
magnetic  recording, medium :bstrate 1 reaches a level
desired for a ma retie rec ording ix odium. As a
result a  part of the polishing steps in the
manufacturing steps of mawiedc recording medium
substrate 1 can be  sl iplx d, whereby polishing cost
and time a nsi. fine l for polishing rr, p ssible to
be reduced. [0041] A -s to a magnetic recording
medium, a flying height as a head-floating height.
from the surface  of"tre medi m is towered to increase
the recording density, acrd it is, for example", a.
height of 10 aim or  less. For this reason, a magnetic
recording medium is constantly desired to have a very
smooth surface  having a surface roil oness Ra of
several angsuorns or preferably much smaller. In the
present  enzb,:aliment, since magnetic recording;
medium substrate I can be arranged to have a Surface
roughness  R a of 0,1-- 0.3 ran by forming metal oxide
film? 3, it is applicable to a magnetic recording
niedh ni to be  applied to a very low flying height of
10 mn or less. 



$  [0042] In order to smooth the surface of a magnetic
recording medium substrate, the second polishing  step
was conventionally carried out as the final polishing
step. That is, the g.ass substrate: after  conduct ng
the first polishing step was polished to such an
extent that ssaa:ace roughness Ra reached a le eel
desired fbr a nr xgraet c rrcordirxg medium, Tote
glass substrate alter conducting the first polishing
step was subjected to the second polishing step until
surface roughness Ri and maximum height Rtnax  reached
d.l - f).3 urn creel l.0 --10,0 r rn respectively, In
contrast, in the case of+lae present  embodiment,
surface ro tglaness Ira and maximum height l nmax can
reach 0.1 - 0.3 rim and 1.0 - 10.0  rim, respectively
without conducting the second polishingg step. Thus,
the second polishing step is  possible to be skipped.
[0041] Further, since substrate 2 is immersed in an
aqueous solution, metal oxide blue 3 can be r rmad on
th entire, surfa e. of substrate 2. That is, metal
oxide film _3 can be fornie.d on both surfaces  of
substrate 2 (surface 22 and surface 23), the inner
circumferential edge face of thmugh-hole 21 and the
outer c:ircu rx erex foal edge face of substrate 2 at
the same time. Ira this way, since metal oxide film 3
can be i_+nrned on the entire surface of substrate 2
by a single film-forming step, metal oxide film 3 can
be easily formed without in:rea lug the number of
flea-forming steps. By doing this, film-frornring
cost and time consumed for an formation can be
reduced. Specifically in the cr e of a h< rd disk,
since both surfaces of a; magnetic recording medium
are used as a recording region thereof, in the
present invention, a magnetic recording medium
substrate. is possible to be effectively prepared
without  increasing the number of f ln-forming steps.
[00441 In the case of a method of omrng a film on one
surface by one surf ace o a substrate via dry
processing, the substrate tends to be damaged when
chucking the substrate, and particle contamination
tends to be also produced. .In contrast, in the case
of the present embodiment since sal,strate 2 may he
simply immersed in an aqueous solution, possibility to
damage the substrate or to produce the particle
contamination can be reduced. Further, since substrate
2 may be sitriply irmnersed in an aqueous  solution,
batch processing is allowed to be utilized, and a
film-forming process becomes possible to he  appli d
to a pl F t} of substrates at once, Further, it
produces the effect of improving yield of  magnetic
recording medir:an substrate 1 to fill rnicrofine
defects easily generated at the edge of subst ate  2
in=toil metal oxide film 3. [0045] Examples of the
method of forting a n etal oxide Film on the su face
of substrate 2 in addition  to a liquid phase
deposition method. include a vacuum evaporation
method, a sputtering method, a CVf)  



(chemical vapor deposition) method, and a sol-gel
meth, ~d. However, since it is difficult to firnn a
metal oxide film down into polishing trace 4 remaining
on the surface of substrate 2 via a so-coiled 9  vapor
deposition method such as a vacuum evaporation
r:method, a sputtering method or a CVI) method,  it is
difficult to smooth the surface of the magnetic
recording medium substrate. Further, since a film-
forming apparatus is very expensive. it is difficult
to reduce manufactumzg cost. Furflier 2 soh-gel
method is a convenient method, but voids are generated
between the surface of substrate 2 and a sal-gel
film, whereby it is difficult to form an excellent
metal oxide film. In contrast, in the case of the.
present  embodiment, since a metal oxide film can.. be
formed deep down into tiolishirg trace 4 by forming
the  fm via a liquid phase deposition m e t t z a o d
, it becomes possible to smooth the surface
ofmagrietic  recording medium. suhstmte 1. [6046]
Since in the case of a liquid phase deposition
process, a metal oxide film can be formed in a  liquid
phase at room temperature, aluminum used for substrate
2 is possible to produce the same action  and effect
as those of glass as a material used for substrate 2.
xv$uen air alu ailznm `,il t rte is us zl as
substrate 2, an Nil' layer having a ttuickness o1`5 -
3 ciao is formed on. an aluminum substrate having
been subjected to grinding via nonelextrolytic
plating. Then, similarly to a glass substrate
subjected to  polishing, the hJif layer formed on the
aluminum substrate is polished until surface rd
ughness IRa and  nia room 7reight f n.ax reach O.3 -
nm a :d 2.) -LO{l nm, n pectively. Then, similarly to
a ghats  substrate, n dal oxide film 3 is formed on
the l~ it lay r via a liquid lmhase deb}sition process
to I rep s  a lna retie. 7'ec T in meditan subst rtes
A surface roughness Pa of 0.1 - 0.3 nm and a maximum
height Rmax of 1.0 - 10.0 can be obtained by filling
metal. oxide film in. polishing traces formed  on the
Nip layer. [0047] Herein a mecha:7isin with which the
surf ac e c f magnetic; r rnrdirzg ixxedium substrate
I is  smoothed by forming metal oxide film 3 will be
described referring to Firs, 4a 4b and 4c. Figs. 4a 4b
and sic each are a cross-sectional view in which a
partial cross section of a. magnetic recording medico
n.  substrate relating to an embodiment of the present
invention is enlarged. [0048] Fig. 4a shows surf, ice
22 of substrate 2 after conducting the polishing step.
Groove-shaped  polishing race 4 remains on su: f x e
22 of substr to 2. In the case of a liquid phase
deposition process,  a film is deposited via very tine
energy di tie cx ce, at the interface caused by
equilibrium reaction. For  this reason, when. metal
oxide film 3 is formed. on the surt'r ee of substrate
2. via a liqu7.d phase deposition  process, metal
oxide film 3 can be formed at the sank'. film-forming
rate without depending on a form,  



even though having suutac:e 22 formed in the form of
groove T-shaped. polislm ng trace 4. And, the  shape
ofinei l oxide. film 3 follows the shape of surface 22
of substrate 2, For example, as sho-Om in  Fig. 4b,
when metal oxide film 3 is fanned on surface 22 of
substrate 2, metal oxide file 3 is formal 10  down
into the inside of pnlisixirx trace 4, ax d groove 41
is formed on raretal aside film 3 so as to follow  the
shape of polishing trace 4. [0049] he r reaction fur
lien pros c cls, as shown in Fig. 4c, tlxe
groove-shaped form formed on  sxutace 22 of substrate
2 is gradually covered, whereby groove 42 formed on
the surface becomes  gradually smaller in size. When
the reaction further proceeds, metal oxide film 3 is
filled in the grourve  generated by olishing trace 4,
whereby the surface of magnetic recording medium
substrate 1 becomes  smooth. In this way, smoothness
desired fhrthe magnetic recording medium substrate is
possible to be  obtained by farming metal oxide film 3
on the srarfa e, of substraate 2 via a liquid phase
deposition  prauucess, [00,50) Since the. shape
ofpolishiing trace 4 is almost covered by furroing
metal oxide film 3 having  the same film thickness as
the depth of polishing trace 4 on the surface, a
film-forming amount of metal  oxide film 3 may be
controlled, adjusting smoothness of substrate 2.
[0051] In addition, an SiO2 film or a TiC as metal
oxide film 3 is preferably formed. '11e reason for
this is that an SiO2 flmm or a TiO2 . can be easily
formed since equilibrium reaction can proceed smoothly
in an aqueous solution when Si or Ti is employed as a
metal. [00521 A magnetic film is formed on the surface
of magnetic recording medium substrate l prepared  in
the foregoing, steps to prepare a magnetic reco ding
medium. That is, the magnetic recording  mnecaurr in
the present embodiment possesses metal oxide film 3
formed on he surfr~ e of s hst:ate co nosed of a glass
substrate or an aluminum substrate, :and a r magnetic
files fi-r med on metal oxide  film 3. [0053] Further,
a soft magnetic layer is for med on the sir f ace of
mlagretic recording r medium  substaate 1; an
intermediate layer is forrmed on the soft magnetic
layer; and a recording later composed  of a magnetic
film may be formed on the intermediate layer. As an
example, a. soft magnetic layer  having a thick ness
of 5 - 20 run, which is made of CoZrib is utilized,
and an intermediate layer having  a thickness of 10
--- 20 run, which is made of Ft-G is utili`ed [0054]
Further, as an example, a magnetic film havnnt a
thickness of l t t --15 run, vh chi, rrrade of
CoCrP:-5102 is utilized. The film may be formed via
sputtering, for examp In a ddition, when an  



aluminum sub.,strate is used as substrate ?, an NiP
layer is formed on the aluminium substrate, and metal
oxide film 3 is formed On the NiP laver.
7+~X:~i'b'1PLE  [00551 T~ exr sp cilia ex imples in t
ae or going embodiments >aill be descril ed. ll
(Example 1 (Substrate 2) In Example 1, dimensions of
substrate 2 which is an alarninosilicate glass
substrate prepared  by a press method are shown.
below. [0056] 1 ame er of substrate 2 = 2,5 inch (f 2
nz s:) Inner diameter of substrate 2 (diameter of tl
rough hole 21) = 20 mm  Thickness of substrate 2 =
0.635 rum (Surface roughness Ea after conducting
polishing step) Substrate 2 is a substrate having been
subjected to the first lapping step, the second
lapping  step and the polishing step which have been
described above, iii the first lapping step and tlxe
second  lapping step, weight applied to a glass
substrate from a stu-ace plate and the number of
rotations of the  surfac v plate were adjuste to p Jli
h nth su faces of substrate 2. Iii the fait lapping
step and the  second lapping step, a weight of 60 g
cm2 is used to polish at 10 rpm as ttie number of
rotations ofthe  surface plate. In the polishing step,
diamond pellets ascd in the lapping step were replaced
by a pad  and a. polishing solution to be used. s the
lead, formied urethane having a hardness of 80 was
used,  The abrasive was made in the form of a slurry
by dispersing cerium oxide particles _having a
particle  diameter of0.6 &m in water. The weight
applied to a glass substrate from a surface plate, and
fine  rn':;mber i Ff r'oiations t sf tine utncfice
dale were s t Et_! Q() ;rn~ laird 25 r'pni, res
7ectrvely. Surface  roughness Pia of substrate 2 after
conducting the polishing step was measured with an
atomic force  microscope (!lI lti4). ;hay, s: su face
rough mess Fri of substrate 2 v Cr.l rim and a ra
inxum height  Rrn ax of30.0 nm were obtained.
(Formation of metal oxide ilna `i) In Example 1, an
SiO2 Film as metal oxide film 3 is formed orn the
surface of substrate 2.  Specifically, substrate 2
after conducting a polishing step was immersed in a
mixture solution. obtained  by mixing 0.5 moth, of an
aqueous (1*f H.:)7.Si_FF solution with 0.2 moiiL of an
aqueous F13BO3 solution  at room temperature for one
hour. l t Example l ,sub ate 2 was immersed in r: d
olunie of 500 it L of  



the mb;.tuxre solution. hi additions when tk e Si{)z
film is formed on a 1 iuraliEy of s bstrates at once,
substrates 2 may be immersed iii a mixture solution
after increasing a volume. of the mixture solution
and circulating the mixture solution. (Surface
roughness Ra after film for m.ation) An SiG2 film
Having a thicrciiess of 10 iron was formed on the
suffice of substrate -2 via the  immersion. Since
substrate 2 ;vas imme sed iii the mixture solutir iii,
the Si )l film was formed on the 12  entire surface of
: ubstrate. `l. A substrate on which this Si)x, film
leas been formed corresponds to the  fore oin ~na~n
tic recordiF n .ediu n substrate 7. Surface roughness
H.a of the substrate on which  the SiC) film was
formed was measured, and as a result, a surface
roughness Eta of 0.1 rim was  obtained. [0057} !~s
described above, in Example 1, a substrte sec
ficiently Having a smooth suri`cive as a  magnetic
recording medium substrate can be prepared without
conducting the second polishing step, by  fomring an
SiO.2 film on the surface of substrate 2 after
conducting a polishing step via a liquid phase
deposition process. In other wordss, surface roughness
Eta obtained when the second. polishing step  was not
conducted was possible to be at the same surface
roughness level as one obtained when the  second
polishing step was conducted. (P:xanhpie2)  In Example
2, a glass substrate was used as substrate 2, and the
conditions of the polishing  step were changed.
Specifically. the polishing amount (polishing time)
was cut in the polishing step.  Asa result, a surface
roughness tta of substrate 2 cif S urn and a max inlum
height ftmaLx of 200 tarsi were  obtained- T her an
SiCM frt n la noting a floc mess of'2t 10 rim way
formed nn the surface of this suibst ate  2 by tlie.
name method as rr Ex nple 1. A substrate on vwlichthis
Si02 film has been formed  corresponds to the foregr
ing ins aeti+:. iecordi rg medium suibstrate 1. The
substrate on Which tile SiO2 film wzs formed had a
surf%ice rouglrimess Ra of 0.1 min. [0058] As
described above, since the surface of magnetic
recording medium substrate I can be  smoothed by
forming an SiC}2 film roughly having the same filar
thhickness as the depth olpolishing  trace. 4, the
polishing amount (polishing time) is possible to be
cut in a polishing stela. (Example 3) in Example 3, an
aluminum substrate was used as substrate'2. Since the
dimensions of  substrata. 2 Sri the. same dimensions
as iii E xample I., the description will. be omitted. 



[0059] "1'he inface of substra 2 ryas ground. and air
I diI' laser was tiirr bed ors it surfta e tiici
Fnoiielecholytic plating. In Example 3, an \ill layer
havin ; a thickness of S urn was iormned. Them
similarly to the ca -se of polishpolishing 'with
respect to a glass substrate, die ii1' layer having
beer'. fbr..lied on  substrate 2 was pvli shed.
Silrface ro ig1 these 1 a of suhstn to 2 cdter
polishing, acrd maximum hei ght  Itmax were obtained
to be 0.g mu and 30.0 urn, respectively. [0060]
hereailer, substrate' w h i r itrr j in the son e
mixture solution as in Exarnl le 1. Then,  an SiCh,
film having a thickness of 3(1 nrn lamas formed vn a
Nil' layer. substrate cn which this SiC,  film has
been formed corresponds to the foregoing magnetic
recording medium substrate 1. Surface 13  roughness Ra
of the substrate on which the S1Q,, an was ommed. was
measured, and as a result, a  surfacer ughne, e Ra of
0.1 um was obtained. [0061] As described above, in the
case of Example 2 and Example 3, similarly to Example
1, each. of  substrates havi ng sufficiently smooth
surface seas able to he prepared as a magnetic
recording medium  substrate. [0062] In addition, in
Example 1, Example 2 and Example 3 as described above,
surface roughness  Ra of substrate 2 after conducting
the polishing step was 0.9 mn or 5.0 urn, but the same
effect can be  produced even though surface roughness
Ra is other than one having each of these values, For
example, when surface roughness Ra obtained after
conducting the polishing step is 0,3 - S mm, a  surf
iace roughness R a. of 0. i - 0.3 nm can be made by
forming an SiO2film on substrate 2. For  example, a
duration of immersing substrate 2 in. a mixture
solution is changed. and concentration of the  mixture
solution is also adjusted, depending on the value of
surface roughness Ra of substrate 2 after  conducting
the polishing step, to obtain a surface roughness Ra
of 0.1- 03 yarn. [0063] In addition, an Sit)2 film was
used as metal oxide film 3 in Example 1, Example 2 and
Example 3, but the metal oxide film of the present
invention is not limited to an Si(); film, The case
where an oxide film containing at least one selected f
4o,m the group consisting of the foregoing plural
metals is used also produces the same action and.
ellbet as in the ea e where an SiO2 film is used. For
example, a duration of immersing substrate 2 in a
mix'ttrce solution is changed, w id concentration of
the  mixture solution is also adjusted to obtain a
surface roughness Ra. of Q.1- 0.3 nm. 14  CLAIMS A
method ef'manccfaoh rtig a magnetic recd ding medium
cF st ate, comprising the st Ts of`.  



polishing a surface of a disk-shaped substrate, and
forming a metal oxide filar: on the substrate surface
having been subjected to tine polishing step  via a
liquid phase deposition process to prepare the
magnetic rer rdi xg; medium substrate. 2. The method
of'Claim 1, comprising the step of., polishing the
substrate surface, in the polishing step until surface
roughness Ra reaches 0.3 5  nrn. 3. The method ofClaim
1 or 2, wherein the metal oxide film is a silicon
dioxide film.  '1. The method of Claim Ior2. wherein
the metal.. oxide film is an oxide film comprising at
least one selected from the gzoup  consisting of Si,
Ti, V. NIn, Ni, Zn, Ge,'r', Zr, Nb, Sn, Sb, Ba, Ta and
W. 5. The method of any one of Claims i - 4, wherein
the substrate is a glass substrate or an a]urninum
substrate.  6. l'h method of arty one oft lams I 5.
wherein the step of fornuig the metal oxide film
comprises the processes of immersing the substnar
having been subjected tot e polishing step in an
aqueous solution,  raid ydrolyrzing a metal-fiuoro
complex in the aqueous s lution to form `he metal
oxide film on  the surface of the substrate having
been subjected to the relishing step. A magnetic
recording mee ifart cvmpr sing a disk.-shaped
substrate having a surface nxighness Ra of 0.3 - 5 nm,
a metal oxide film formed on a slur face of the
substrate, and a magnetic fibn further formed on the
metal oxide film. 


